We analyzed trends in element incorporation between hyaline (perforate) and miliolid (imperforate) 9 foraminifera in order to investigate processes involved in calcification affecting element incorporation 10 into foraminiferal carbonate. For both groups, we observed similar trends in element incorporation with 11 pCO2, suggesting there some mechanisms to transports ions to the site of calcification are similar for 12 both calcification pathways, although the impact might be different across species. A previously 13 published trans-membrane transport model assumes foraminifera utilize Ca 2+ channels to transport 14 calcium to the site of calcification. These channels are somewhat a-specific, leading to (accidental) 15 transport of other free ions. By modelling the activity of free ions as a function of pCO2, we observed 16 that speciation of some elements (like Zn and Ba) are heavily influenced by the formation of carbonate 17 complexes. This leads to an increase in availability of free Zn and Ba with increasing pCO2, which leads 18 to more transport to the site of calcification and subsequently incorporation in the foraminiferal shell.
Introduction

26
On the broadest taxonomic scale, calcareous foraminifera, cosmopolitan unicellular protists, produce 27 tests using either one of two fundamentally different mechanisms. These calcification strategies reflect 28 the evolutionary separation of foraminiferal groups dating back to the Cambrian diversification, from 29 where the imperforate miliolids and perforate hyaline foraminifera, developed independently 30 (Pawlowski et al., 2003) . The calcification process of the latter group has been studied more extensively 31 than that of the miliolids (De Nooijer et al., 2014) . Although many aspects of perforate calcification 32 remain unsolved, there is consensus that chamber formation takes place extracellularly, but within a 33 (semi-) enclosed space, generally termed the site of calcification (SOC). The first layers of calcite 34 precipitate on an organic matrix (the POS or primary organic sheet) that serves as a template for the 35 calcite layer that forms the chamber wall (Hemleben et al., 1977; Erez, 2003) . To promote calcification, 36 foraminifera furthermore need to remove Mg ions and/or protons (Zeebe and Sanyal, 2002) from the 37 seawater entering the SOC. Many larger benthic foraminifera are hyaline species although the amount 38 of Mg in their shells is often more than 10 times higher than that of planktonic and small benthic hyaline 39 species, hence covering a large range in Mg/Ca values.
40
The calcification strategy of porcelaneous foraminifera is less well studied, which may be partly 41 explained by their limited application in paleoceanography. Porcelaneous foraminifera use a different
We used an adapted version of the culture set-up descripted in Chapter 7. In short, four barrels each 94 containing 100 L of seawater (5µm filtered), were connected to a Li-Cor CO2/H2O analyzer (LI-7000), 95 to regulate the CO2 level in the barrels' head space. The set levels were maintained by addition of CO2 96 and/ or CO2-scrubbed air according to the monitored pCO2. 
209
Inter-species differences in element incorporation
210
In Table 3 we present all the elemental data for the eight species investigated in this controlled pCO2 Table S1 ), preferable in which both Mg/Ca and at least one other 225 element (Na, Sr, Ba or Zn) is measured, shows that the relation based on the Caribbean species studied 226 here is also more general applicable when including more species (DSr = p<0.005; DNa = p<0.0005); DBa 227 = p<0.005; DZn = p<0.01), even though this compiled data (labeled 'All studies' in Table 4) 
Element incorporation in hyaline species
323
Between hyaline species, we observe simultaneous increases in all elements incorporated and this trend 324 is confirmed when including published data for other species compiled from previous studies ( Fig. 4 325 and supplementary Table S1 ). Interestingly, the two hyaline species that are most enriched in all 326 elements studied (Mg, Na, Sr, Zn and Ba) are also the foraminiferal species with the largest average 327 adult test size (H. antillarum and P. acervalis) for which data is available (this study). The other hyaline 328 species, A. carinata and A. gibbosa, have considerably smaller maximum shell sizes and lower Mg/Ca, Two processes involving these calcium channels could possibly explain the observed size trend in 331 hyaline species. First, larger foraminifera have a smaller surface area to volume ratio and, therefore, 332 proportionally less Ca 2+ channels, assuming the density of these channels per surface area remains 333 similar. This would imply that fewer channels need to transport more ions for a given volume of CaCO3 334 precipitated, which may in turn, possibly reduce selectivity between Ca 2+ and other divalent cations. 
